BACkgRoUnD: Prior data on iron deficiency anemia's (IDA) prevalence and associated risk factors among female university students are scarce in the Saudi Arabian context. This study therefore recruited a sample of female students at the University of Tabuk, Saudi Arabia, to investigate IDA prevalence and risk factors and fill the identified research gap.
Introduction
Anemia is a worldwide public health issue affecting approximately 1.62 billion sufferers or approximately a quarter of the world's population in both developed and developing states. 1, 2 Many different forms of anemia exist, and among these, iron deficiency anemia (IDA) is the most widespread. 3, 4 Indeed, IDA has reached epidemic levels in numerous developing countries 5 and is currently the most prevalent micronutrient deficiency in the world. 6, 7 Iron deficiency anemia has extremely negative implications for affected individuals, who are at risk of impaired growth and cognitive development, lower mental and motor function, poorer work capacity, and a generally lower quality of life. 8 Iron deficiency is caused by a prolonged negative imbalance between a person's dietary intake of iron and their body's physiological demand. 8, 9 Various nonmodifiable and modifiable factors exert an influence on an individual's iron balance, either in combination or alone, 10 ranging from sociodemographic characteristics (including the individual's age, sex, marital status, level of education, income, and ethnicity) to the amount and quality of the food and beverages they consume, their mental and physical health, the medication they take, any abnormalities they have, and their genetic makeup. [10] [11] [12] It is particularly true for women that if IDA is not promptly identified and treated, it has lifelong effects, including negative maternal and neonatal outcomes, and an elevated risk of disability in later life. 13 Information on IDA rates and the risk factors associated with the condition is scarce for female Saudi Arabian university students. In the only relevant previous study which could be located, Al Hassan 14 reported an estimated prevalence of IDA of 64% for a sample of female university students of Saudi nationality, but their research omitted any consideration of the potential risk factors connected with IDA. Because of this gap in the prior research, this work aimed to recruit and evaluate a sample of female university students in Tabuk, Saudi Arabia, to establish their prevalence of IDA and the risk factors associated with the condition.
Methods Subjects
This cross-sectional observational study was performed between February and June 2016 with a sample of 200 healthy women aged between 19 and 25 years, who were studying at 2 Clinical Medicine Insights: Women's Health the medicine, science, and education colleges of the University of Tabuk, Saudi Arabia. The study sample excluded students who reported having been diagnosed with an eating disorder, those who were currently pregnant or breastfeeding, those who were taking medication or nutritional supplements, and those not enrolled to study at the university at the time of recruitment. All the participants provided written informed consent acknowledging the investigation's purpose and were assured of the confidentiality of the results. Ethical approval for the research was sought and obtained from the University of Tabuk's Committee of Research Ethics.
Data collection
The present research was conducted on the campus of the University of Tabuk, Saudi Arabia. The data were collected at various locations which had been specifically chosen for their convenience to students across all the university's colleges. A team comprising a medical doctor, a dietician, 2 nurses, and 2 laboratory technicians performed the dietary and anthropometric data collection and blood sample extraction.
Interview questionnaire. Each participant was interviewed to complete the structured questionnaire which had been developed by the researchers based on the large body of relevant prior literature to meet the objectives of the research. [10] [11] [12] [15] [16] [17] The questionnaire covered 5 main topics: the participants' personal sociodemographic data (eg, their age, marital status, and monthly household income); dietary information relating to their intakes of iron-rich foods and of iron absorption-inhibiting or enhancing foods, and whether or not they followed particular dietary regimens; their obstetric and gynecological history (ie, their menstrual history, including its frequency and duration; their usual menstrual flow during their cycle; whether or not they encountered blood clotting; their use of oral and other contraceptives, and if so, how long they had done so; and their number of children and the birth intervals between them); any current or past diagnoses of medical conditions (eg, chronic diseases, blood disorders, or blood transfusions); their history of smoking (if any); and, finally, their personal and family histories of IDA.
Before the participant interviews were conducted to complete the questionnaires, a pilot study was performed with a sample of 20 students to test the design of the questionnaire and to gather feedback which could be used to make any alterations which might be needed. This pilot study also established the time required for questionnaire completion, which was measured at an average of 15 minutes.
Dietary intake data collection. A trained dietician administered a 24-hour dietary recall to estimate each participant's nutrients intake by asking them to report all the foods, drinks, condiments, and sauces they had consumed during the day prior to the interview. In each interview, different serving plates, cups, glasses, and spoons were shown to the participant to assist them in estimating the portion sizes of the foods and drinks they had consumed. Before completing the 24-hour dietary recall, the dietician checked whether the participant regarded the previous 24 hours as having been typical in terms of their diet. If they did not (due, eg, to having attended a party or family gathering or to having dined out at a restaurant rather than at home), then they were instead asked to report on their diet 2 days prior to the interview date to capture data for a typical day. Tinuviel, WISP version 4.0 nutritional analysis software (Warrington, UK) was then used to analyze the dietary data captured by the questionnaires. In instances where nutritional information was unavailable in the software, other sources (eg, manufacturer product labels or information supplied by fast-food companies) were consulted. The adequacy or otherwise of each participant's food consumption was then determined using dietary reference intake. 18 Anthropometric data collection. Each participant's weight was measured to the nearest 100 g using medical weighing scales (Seca Ltd, Hamburg, Germany) while they were barefoot and wearing minimal outer clothing. To ensure accuracy of measurement, the scales were calibrated at regular intervals as per the manufacturer's guidelines and checked for zero readings prior to each measurement. Every participant's height was also measured to the nearest 0.5 cm using a portable height measure (Seca Ltd), and their body mass index was worked out via the formula: body mass (kg)/height (m 2 ) in line with the World Health Organization's (WHO) criteria for the classification of overweight and obesity. 19 Blood sample collection. On the same day when the dietary and anthropometric data were collected, a nurse took a 10-mL sample of venous blood from each participant for hematological and biochemical screening tests. The laboratory technicians in the research team used 2 types of vacutainers to perform venipunctures; one contained EDTA for hematological tests, including hemoglobin (Hgb), hematocrit, mean corpuscular hemoglobin, mean corpuscular volume, and mean corpuscular hemoglobin concentration. These were performed using a Beckman coulter LH750 machine (Beckman Coulter Inc., Miami, FL, USA) which was regularly checked and calibrated during the study according to the standard quality assurance protocols set at the beginning of the research. In the case of the biochemical screening, the participants' blood was collected using vacutainers without any additional anticoagulant, so each blood sample was allowed to clot as it was assigned to serum separation. Serum iron, ferritin, and total iron capacity were each measured using a modular machine (Hitachi, Finchampstead, UK), which, again, was regularly checked and calibrated during the study as per the standard quality assurance protocols set at the beginning of the research.
Data analysis
The collected data were analyzed using the SPSS for Windows program (version 23.0, SPSS, Chicago, IL, USA). The level of Alzaheb and Al-Amer 3 statistical significance was set at P < .05. A univariate logistic regression analysis was chosen as the screening method to assess the relationships between the respective putative predictors and the outcome variable (anemia), which were categorized into either anemic or nonanemic in line with the WHO's criteria, as ferritin <15 ng/mL and hemoglobin <12 g/dL. 20 The predictor variables identified as significant by the univariate logistic analysis were then entered into a multiple logistic regression model to establish which of them could most accurately predict occurrences of IDA among the study's sample of participants. The odds ratios (ORs) and their 95% confidence intervals (CIs) for each of the variables were then generated to clarify the respective association of each of the risk factors with the participants' anemia status.
Results
In all, 200 female students of Saudi nationality enrolled at the University of Tabuk consented to participate in this research. Their ages ranged between 19 and 25 years, with a mean average age of 21.8 years. The study population's overall prevalence of IDA was found to be 12.5% (Figure 1) . Table 1 shows the unadjusted ORs for the factors associated with IDA among the research sample of Saudi Arabian female students. The univariate analysis found that insufficient iron (OR = 6.08; 95% CI: 2.40-15.44) and vitamin C intakes (OR = 4.44; 95% CI: 1.87-10.55), frequent (≥2 times per week) tea consumption (OR = 0.10; 95% CI: 0.04-0.27), infrequent (≤2 times per week) red meat consumption (OR = 7.70; 95% CI: 2.91-20.39), reports of blood clots with periods (OR = 4.75; 95% CI: 1.99-11.36), personal histories of IDA (OR = 7.37; 95% CI: 3.00-18.11), and family histories of IDA (OR = 3.27; 95% CI: 1.39-7.70) were each significantly associated with an increased risk of IDA for the participating students.
The only factors which emerged as statistically significant from the adjusted logistic regression analysis model (Table 2) were insufficient intakes of iron (OR = 7.39; 95% CI: 1.45-37.57) and vitamin C (OR = 6.14; 95% CI: 1.34-28.27), frequent (≥2 times per week) tea consumption (OR = 0.01; 95% CI: 0.01-0.08), infrequent (≤2 times per week) red meat consumption (OR = 3.71; 95% CI: 1.01-13.61), and the possession of a personal history of IDA (OR = 6.00; 95% CI: 1.45-24.76).
Discussion
The present research focused on establishing the prevalence of IDA among female university students of Saudi nationality and identifying the risk factors associated with that condition. This demographic group (ie, women of childbearing age) is at a heightened risk of deficiency in comparison with the general population due to their greater nutritional needs for the maintenance of their metabolic stores and because of their potentially high nutritional demands due to menstrual blood loss, pregnancy, and/or lactation. [21] [22] [23] The study observed an overall IDA prevalence of 12.5%, a significantly lower rate than that found by a prior study among a sample of female Saudi university students, which reported a prevalence of IDA of 64% (defined as hemoglobin <12 g/dL). 14 In developing countries, the overall prevalence of anemia has been estimated at 43%, but in highly developed countries, it has been reported at a far lower level of 9%. 24 To take an example, research in an Indian setting reported a prevalence of 44.0% among female university students, 25 and widespread IDA has also been found among female students in other developing countries such as Bangladesh, where 63.3% of a female student sample was found to have IDA. 22 In contrast, in Australia, a developed country, only a 3% prevalence of IDA was found by a study using a sample of female university students. 21 This research has found that most of the female students in the study sample who were anemic reported inadequate intakes of iron, along with a lower level of consumption (≤2 times per week) of red meat. These 2 factors were found to be associated with a statistically significant increased risk of IDA. In the human diet, iron exists either in the form of heme or nonheme iron; the former is mostly consumed via meat, with a rate of absorption of up to 50%, whereas the latter is mainly found in dairy products, fruit, and vegetables, and its variable level of absorption depends on the enhancers and inhibitors present. 26, 27 Red meat is a key source of bioavailable heme iron in human diets, 28 and various prior studies have identified a negative association between low levels of red meat consumption and a heightened risk of IDA. 10, 11, 16 For example, a study by AlQuaiz et al 10 of the risk factors among women of childbearing age in Riyadh, Saudi Arabia, in relation to anemia reported that infrequent (≤2 times per week) meat consumption (OR = 1.54, 95% CI: 1.15-2.05) was associated with an increased anemia risk. The relatively high cost of meat can prevent poor families living in developing countries from regularly buying and consuming it. 29 For instance, a study in the context of Turkey reported that participants from poorer households had lower consumption rates of red meat and fish and therefore also lower intakes of easily bioavailable sources of iron. 30 Its authors proposed that advice targeting the poorest members of Turkey's society on how to Clinical Medicine Insights: Women's Health reduce their risk of insufficient iron intake should encourage them to consume rich dietary iron sources such as red meat, poultry, and fish. For this to have a positive impact, practical lowcost campaigns are likely to be required to increase poor families' access to highly bioavailable iron as part of their diets. Because any examination of the dietary contribution to the cause of IDA must evaluate the possible dietary factors which inhibit or enhance iron absorption, 30 the present research also explored the dietary factors influencing the absorption and subsequent bioavailability of iron. In doing so, it found that most of the anemic group in the study had inadequate intakes of vitamin C, a factor inversely associated with anemia (OR = 6.14; 95% CI: 1.34-28.27). Vitamin C (ascorbic acid) has previously been identified as a strong iron absorption enhancer for nonheme foods, 31 and citrus fruit has a high vitamin C content. 32 Previous research has associated low citrus fruit consumption with an elevated risk of anemia. 11, 12 In terms of the iron absorption-inhibiting dietary factors, frequent (≥2times per week) tea consumption (OR = 0.01; 95% CI: 0.01-0.08) was found to be associated with a heightened risk of anemia. This finding is in line with previous studies which have found that anemic groups reported higher levels of tea consumption, 11, 12, 16, 33 and tea is a beverage which harmfully affects an individual's iron levels due to its high polyphenol content, which inhibits nonheme iron absorption. 3 Furthermore, tea drinking is a popular custom across Muslim countries, including Saudi Arabia, and it is usually consumed both before and after all meals. 30, 34, 35 aiming to raise general awareness of the food and drinks that can facilitate or restrict iron absorption would therefore help to lower the prevalence of IDA. The present research also found that a personal history of IDA was a statistically significant determinant of anemia. However, it should be explained in this respect that having examined various nondietary factors (ie, personal sociodemographic variables, individual obstetric and gynecological history variables, and medical history variables), the personal history of IDA was the sole statistically significant nondietary factor found by the present research. Although some prior studies in the Saudi Arabian context have reported a significant association between the risk of IDA and a past personal history of IDA, 11, 16 2 research papers in the same context did not identify that association. 10, 11 Instead, the latter 2 studies identified that an individual with a past family history of IDA was at a significantly heightened risk of IDA themselves. It is therefore strongly recommended that screening for IDA is provided to those with either prior personal or family histories of IDA.
Some limitations are inherent in the present research. First, no causal associations could be established between the influencing factors and personal IDA due to the cross-sectional nature of the study. Second, the student participants who formed the study sample were all volunteers, so they may not be taken to represent the wider female student population in Saudi Arabia. Finally, even though a 24-hour dietary recall method is suitable for gathering detailed data regarding the amounts and types of food and beverages which a person has consumed on a specific day, a single day's data on personal dietary intake may not sufficiently closely reflect a typical day. However, this potential limitation was minimized in the study by checking with each participant that they regarded their dietary intake on the day prior to the study as typical. If they did not, then they were instead asked to report on their diet 2 days before the date of the interview. 
Conclusions
This study found an overall prevalence of IDA among its sample of apparently healthy young Saudi female university students of 12.5%. The study also reported that the main risk factors in relation to contracting anemia were inadequate intakes of iron and vitamin C, frequent tea consumption, infrequent red meat consumption, and a past personal history of IDA. The findings presented here suggest a need for focused education and awareness strategies designed to improve nutritional habits by encouraging the consumption of rich sources of iron in the diet (eg, red meat), as well as by building understanding of which food and beverages can improve (eg, vitamin C-rich foods) and hinder (eg, polyphenol-rich beverages, such as tea) iron bioavailability. The current work has set a benchmark for possible future research in the form of randomized trials which would help to build greater understanding of this health issue and would also support the development of a strong and suitable public health policy which can efficiently tackle IDA.
